The success of root canal treatment depends on effective disinfection of the entire root canal system. Cleaning and shaping and antimicrobial usage cannot completely eliminate bacterial load in the canal leading to reinfection. Herbal alternatives came into existence due to the ineffectiveness and potential side effects of synthetic drugs. This review highlights the antimicrobial properties of commonly used herbal medicaments in endodontics.
INTRODUCTION
Herbal products are popular today in dental and medical practice due to their high antimicrobial activity, biocompatibility, anti-inflammatory, and antioxidant properties. [1] WHO defines herbal medicine as plantderived material or preparation which contains raw or processed ingredients from one or more plants with therapeutic values. [2] PROPOLIS Propolis is a resinous yellow brown to dark brown substance which is collected by honey bees (Apis mellifera) from tree buds to seal their hives. The main chemical classes present in propolis are flavonoids, phenolics, and other various aromatic compounds. Flavonoids are well-known plant compounds that have antibacterial, antifungal, antiviral, antioxidant, and anti-inflammatory proprieties. [3] It is composed of resins and balsams 50-70%, essential oils and wax 30-50%, pollen 5-10%, aminoacids, minerals, vitamin A, B complex, E, bio-flavonoid (vitamin P) phenols, and aromatic compounds.
Antibacterial activity of propolis is due to presence of flavonoids and caffeic acid. Antioxidant property of propolis is better than anti-oxidant property of vitamin C and is due its radical scavenging ability. It also contains caffeic acid phenethyl ester which contributes to its anti-inflammatory property. [4] Martin and Pileggi (2004) conducted a study and compared various storage media and it appeared that propolis may be a better alternative to Hank's balanced salt solution, milk, or saline in terms of maintaining periodontal ligament cell viability after avulsion and storage. [5] As a pulp capping agent Propolis also helps in hard tissue bridge formation. This has been attributed to its property to stimulate various enzyme systems, cell metabolism, circulation, and collagen formation. Sabir et al. (2005) [6] reported that direct pulp capping with propolis flavonoids may delay dental pulp inflammation and stimulate reparative dentin in rats.
As an intra-canal medicament Oncag et al. (2008) [7] concluded that propolis had good antibacterial activity against Enterococcus faecalis in the root canals in vitro, and can be used as an alternative intra canal medicament.
MORINDA CITRIFOLIA
M. citrifolia is commercially known as Noni. Its juice has a broad range of therapeutic effects including antibacterial, anti-inflammatory, antiviral, antitumor, anthelmintic, analgesic, hypotensive, and immune enhancing effects. [8] As an irrigant M. citrifolia juice (MCJ) is used as an endodontic irrigant as it is a biocompatible antioxidant and not likely to cause injuries like sodium hypochlorite accidents. Murray et al. (2008) [2] compared the effectiveness of MCJ with NaOCl and CHX to remove the smear layer from the root canal walls of instrumented teeth and concluded that the efficacy of MCJ was similar to NaOCl in conjunction with EDTA as an intracanal irrigant.
MCJ contains the antibacterial compounds L-asperuloside and alizarin and is more effective than 2% CHX against E. faecalis. MCJ and CHX are not effective when used in combination because they neutralize each other's properties. The antimicrobial activity of 2% CHX gel propolis, MCJ and Ca(OH) 2 has been compared on E. faecalis infected root canal dentin at two different depths and three intervals. It was concluded that propolis and M. citrifolia were effective against E. faecalis in dentin on extracted teeth. [3] ARCTIUM LAPPA A. lappa also called Burdock, which is widely used all over the world for its well-known therapeutic applications. It has antibacterial and antifungal activity, diuretic, antioxidant and anxiolytic action, platelet antiaggregating effect, and HIV-inhibitory action. It contains sterols, tannins, sulfur-containing polyacetylene, volatile fatty oils, and polysaccharides. Active constituents of Burdock are sesquiterpene lactones, carbohydrate inulin. An in vitro evaluation of antimicrobial activity of A. lappa against microorganisms specifically found in endodontic infections showed a great microbial inhibition of A. lappa against the tested endodontic pathogens. [9] TRIPHALA Triphala is a popular ayurvedic herbal formulation consisting of dried and powdered fruits of three medicinal plants namely Terminalia bellerica, Terminalia chebula, and Emblica officinalis.
E. officinalis has got antimicrobial and cytotoxic effects. T. chebula fruit ethanol extract showed a broad spectrum of activity against different bacterial strains such as Salmonella typhi, Staphylococcus epidermidis, and Bacillus subtilis. T. bellerica was found to be highly potential when compared to the other two medicinal plants. Dimethyl sulfoxide was used as a solvent for Triphala. Triphala showed more potency on E. faecalis biofilm. Bacteriostatic and bactericidal properties of triphala are due to the presence of tannic acid. [10] GREEN TEA Green tea polyphenols (GTPs) prepared from the young shoots of the tea plant Camellia sinensis. The leaves of Thea chinensis, especially the gallocatechins, have the ability to inactivate free radicals owing to its antiinflammatory property. The antimicrobial activity is due to inhibition of bacterial enzyme gyrase by binding to ATP B sub unit. Green tea exhibits antibacterial activity on E. faecalis planktonic cells. It is also found to be a good chelating agent. [11] An in vitro study conducted to evaluate the antimicrobial efficacy of triphala, GTPs, MTAD, and 5% sodium hypochlorite against E. faecalis biofilm formed on tooth substrate showed maximum antibacterial activity with NaOCl and statistically significant antibacterial activity with triphala, GTPs and MTAD. NaOCl and MTAD achieved 100% killing of E. faecalis at 2 min, whereas triphala and GTP took 6 min. [12] AZADIRACHTA INDICA It is known as Indian neem/margosa tree and effective against E. faecalis and Candida albicans. It has strong antioxidant and antimicrobial properties make it a potential agent for root canal irrigation as an alternative to sodium hypochlorite. [13] The antimicrobial efficacy of 2.5% sodium hypochlorite and 0.2% chlorhexidine gluconate were compared with an experimental irrigant formulated from A. indica and found that neem irrigant has antimicrobial efficacy and can be considered for endodontic use. [14] ORANGE OIL It is oil produced by glands inside the rind of an orange fruit. This is composed mostly of D-limonene. It also has long chain aliphatic hydrocarbon alcohols, aldehydes such as octanal and octanal. It is suggested as an alternative to chloroform or xylene for gutta-percha softening and also in dissolving endodontic sealers. [15] ALOE VERA GEL Aloe leaves contain clear gel and green part of the leaf that surrounds the gel is used to produce a juice or dried substance. It contains alloins and barbadoins as main chemical constituents. Aloe Vera gel has inhibitory effects on Streptococcus pyogenes and E. faecalis because of anthra quinine. Its bactericidal activity is found to be less than Ca(OH) 2 . [16] LEMON SOLUTION Lemon solution (pH 2.21) is a natural source of citric acid (pH 1.68) with lower acidity. Citric acid, a chemical product has some irritating effect compared to a natural lemon solution. The fresh lemon solution is used as root canal medicament because of its wide antibacterial efficiency including E. faecalis. [17] Salvadora persica solution (Miswak-Siwa)
Its chewing sticks contain trimethyl amine, salvadorime chloride and fluoride in large amounts. Fifteen percent alcoholic extracts of it has maximum antimicrobial action. It can be used as a substitute for sodium hypochlorite and chlorhexidine as root canal irrigant. [18, 19] 
GERMAN CHAMOMILE
It is used as a table tea and flower of chamomile plant contain a wide variety of active chemical components (chamazolene, capric acid and caprylic acid, chlorogenic acid). It is used for removal of smear layer and found to be more effective than NaOCl. [20] TURMERIC Turmeric is a natural medicament with a wide spectrum of biologic actions which include anti-inflammatory, anti-oxidant, anti-carcinogenic, anti-mutagenic, anticoagulant, anti-diabetic, antifertility, antibacterial and antifungal activities. [21] Curcumin (diferuloylmethane) the main yellow bioactive component of turmeric has a wide spectrum of biological actions, and this provides a basis for exploring its endodontic applications. Components of turmeric are named curcuminoids. These components are polyphenols with a strong antioxidant function. [22] Turmeric eliminates pain and swelling. [23] ACACIA NILOTICA It is species of Indian and African sub-continent. Antimicrobial function is believed to be due to tannins, phenolics compounds, essential oil, and flavonoids and is effective against E. faecalis. [23] SYZIGIUM AROMATICUM/CLOVE TREE The eugenol and other constituents of clove, such as vanillin and iso-eugenol, have also been reported to have antimicrobial effect. [24] Essential oil shows antioxidant, antibacterial and anodyne effects.
CONCLUSION
Herbs are generally safe and friendly to natural tissues if used with proper knowledge. Herbal formulations are showing promising results as irrigants and intracanal medicaments and can be used for treatment procedures that have been established to be effective and with minimal risk involved.
